Purpose The Charlson comorbidity index (CCI) is a commonly used scale for assessing morbidity, but its role in assessing mortality in hemodialysis patients is not clear. Age, a component of CCI, is a strong risk factor for morbidity and mortality in chronic diseases and correlates with comorbidities. We hypothesized that the Charlson comorbidity index without age is a strong predictor of mortality in hemodialysis patients. Methods A 6-year cohort of 893 hemodialysis patients was examined for an association between a modified CCI (without age and kidney disease) (mCCI) and mortality. Results Patients were 53 ± 15 years old (mean ± SD), had a median mCCI score of 2, and included 47% women, 31% African Americans and 55% diabetics. After adjusting for case-mix and nutritional and inflammatory markers including C-reactive protein and interleukin-6, 2nd (mCCI: 1-2), 3rd (mCCI = 3), and 4th (mCCI: 4-9) quartiles compared to 1st (mCCI = 0) quartiles showed death hazard ratios (95% confidence intervals) of 1.43 (0.92-2.23), 1.70 (1.06-2.72), and 2.33 (1.43-3.78), respectively. The mCCI-death association was robust in non-African Americans. The CCI-death association linearity was verified in cubic splines. Each 1 unit higher mCCI score was associated with a death hazard ratio of 1.16 (1.07-1.27).
Introduction
The mortality rate of patients with advanced chronic kidney disease (CKD) is unacceptably high [1] . These patients have a high prevalence of comorbid conditions, which in itself is one of the major risk factors for high mortality [1] . Khan defined comorbidity in kidney failure patients as a significant concurrent or past disease in addition to CKD, which involved organs other than the kidneys but which may also be responsible for the renal failure, for example, diabetes mellitus and myeloma [2] . The higher number of comorbid conditions in chronic dialysis patients is associated with an increased risk of mortality, which may range from 20% to almost 60% as compared to chronic dialysis patients without comorbidity [3] . Apart from being a prognostic factor, comorbidity is also an important confounding factor so it is essential for epidemiological studies of survival that it should be assessed in dialysis patients [4, 5] .
Several scales have been devised to assess and quantify comorbidity in patients with chronic diseases. These include the Charlson comorbidity index (CCI) [6] , index of co-existent diseases (ICED) [7] and Davies [8] and Wright-Khan indices [4] . CCI was developed for mortality analysis and was based on an assessment of survival in the general population. Since its inception, it has been used for assessment of the prognostic value of comorbidity in longitudinal studies of patients with a variety of disease states [6] . Age, which is per se a strong predictor of mortality, is one of the components of the original CCI. Hence, it may be speculated that the outcome predictability of CCI is driven by age especially in populations with exceptionally advanced age such as hemodialysis patients.
Few studies have examined the validity of CCI in ESRD patients [3, 9] . Fried et al. [10] studied CCI in peritoneal dialysis patients, whereas Di Iorio et al. [11] examined its outcome predictability in maintenance hemodialysis dialysis (MHD) patients. These studies examined incident (new) dialysis population or had small sample size or other limitations [10] . We examined the predictive value of modified CCI (mCCI) by excluding age as a CCI component and hypothesized that the utility and robustness of mCCI without age maintains as a predictor of mortality in MHD patients.
Subjects and methods

Patient population
We studied MHD patients who participated in the Nutritional and Inflammatory Evaluation in Dialysis (NIED) study [12] . The original NIED cohort consisted of 893 patients who were recruited from a population base of more than 3,000 MHD outpatients treated in eight DaVita maintenance dialysis clinics in Southern California during a period of 6 years (see the NIED study Website at http://www.Niedstudy.org for more details as well as previous publications [13] [14] [15] [16] [17] ). To be included in the study, patients had to be at least 18 years old and receiving outpatient hemodialysis for at least 8 weeks. Patients were excluded if they had an acute infection or had a life expectancy of \6 months. The study was approved by the IRB, and all subjects gave informed consent prior to being enrolled in the study. The medical records for each subject were thoroughly reviewed by a collaborating physician in the study. Such information as underlying kidney disease, cardiovascular disease history and other illnesses was abstracted.
Modified Charlson co morbidity score
A modified version of the Charlson comorbidity index (CCI), i.e., by excluding subject's age and presence or absence of kidney disease, was used to assess severity of comorbidities [18, 19] . Because all MHD patients would have positive ''kidney disease'' component, the only material difference between our mCCI and the conventional CCI is the lack of age component in the former. The CCI is based on the following components: 1 point is assigned for history of myocardial infarction, congestive heart failure, peripheral vascular disease, cerberovascular disease (transient ischemic attack or cerbrovascular accident with minor or no residua), dementia, chronic pulmonary disease, connective tissue disorder, peptic ulcer disease, mild liver disease and diabetes without end organ damage; 2 points for hemiplegia, moderate to severe renal disease (excluded in our scale) diabetes with end organ damage, tumor without metastases, leukemia, lymphoma and myeloma; 3 points for moderate or severe liver disease; and 6 points for metastatic solid tumor or full-blown AIDS.
Anthropometric and body composition measures
Body weight and anthropometric measurements were performed while patients were receiving MHD or within 5-20 min after termination of their hemodialysis treatment. Biceps and triceps skin fold thickness was measured by standard techniques using a conventional skin fold caliper [20, 21] .
Near infrared interactance
To estimate percentage body fat and fat free body mass, near infrared (NIR) interactance was measured at the same time as the anthropometric measurements [22] . A commercial NIR interactance sensor with a coefficient of variation of 0.5% for total body fat measurements (portable Furtex 6100; Furtex, Inc, Rockville, VA; www.furtex.com) was used. NIR measurements were performed by placing a Furtex sensor on the upper arm (free of vascular access) for several seconds and entering the required data (data of birth, sex, weight, and height) for each patient. NIR measurements of body fat correlate significantly with other standard measures of body fat such as via DEXA in MHD patients [23] .
Other laboratory tests Predialysis and post-dialysis blood samples were obtained on a mid-week day that coincided with the day that the required quarterly blood drawings were obtained for testing at the DaVita dialysis facilities. Single pooled Kt/V was used to represent the weekly dialysis dose. All laboratory studies were performed by DaVita Laboratories (Deland, FL) using automated methods. Serum high sensitivity C-reactive protein (CRP) was measured using a turbidometric immunoassay (WPCI, Osaka, Japan; normal range \3.0 mg/l) [24, 25] . Interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-a) levels were measured with using immunoassay kits (R&D Systems, Minneapolis, Minn., USA; units: pg/ml; normal range: IL-6: \9.9 pg/ml, TNFa: \4.7 pg/ml) [26, 27] . The C-reactive protein (CRP), TNF-a and IL-6 levels were measured in the General Clinical Research Center Laboratories at Harbor UCLA. Serum transthyretin (prealbumin) was measured by immunoprecipitation and plasma homocysteine concentration was measured by high performance liquid chromatography (HPLC) in the Harbor-UCLA Clinical Laboratories.
Statistical methods
Data were summarized using proportions, means (±standard deviation [SD]) or medians (interquartile range [IQR]) as appropriate. Categorical variables were compared using v 2 tests, and continuous variables were compared using t tests or Mann-Whitney U tests, Kruskal-Wallis H tests, or analyses of variance, as appropriate. Pearson's correlation coefficient (r) was used for analyses of linear associations. Logistic regression models were employed to estimate the odds ratio (OR) and 95% CI of mCCI C2 (median). The association between mCCI and mortality was assessed using Cox regression analysis and Kaplan-Meier plots with log rank tests. Non-linear associations were assessed using fractional polynomials and restricted cubic splines. Death hazard ratios (HRs) were obtained using Cox proportional hazard models controlling for the relevant covariates. In the mortality analyses, the patients were followed until event (death) or censoring (lost to follow-up or end of follow-up period), whichever happened first.
We performed incremental levels of multivariate adjustment where (A) case-mix variables including age, gender, race (African American vs. all other races), and duration of dialysis were included. (B) Malnutritioninflammation complex syndrome (MICS) variables included serum albumin, creatinine and total ironbinding capacity, hemoglobin, white blood count, normalized protein nitrogen appearance (nPNA) [also known as normalized protein catabolic rate (nPCR)], and body mass index. (C) Additional adjustment was done for three inflammatory markers (serum CRP, IL-6, and TNFa) in a fully adjusted Cox regression model.
We expected significant confounding in the unadjusted models where relevant confounders such as age and gender were not taken into account. In fact, while the results from the adjusted models may have been over-adjusted (possibly due to inclusion of biological intermediates that are along the causal pathway from predictor to outcome variable), we make our inferences based on models adjusted for case-mix. Because of uncertainty regarding which final model is in fact the most parsimonious, we include three levels of adjustment in the presented data so that the full spectrum of results can be appreciated. The data analysis was done using STATA version 11.1 (STA-TA Corporation, College Station, TX).
Results
Data were available for the Charlson comorbidity index (CCI) of all enrolled patients at enrollment. The patients' mean age (± SD) was 53 ± 15 years; 47% (n = 419) of patients were women, 31% (n = 279) were African American and 55% (n = 477) were diabetic. The mean duration of dialysis was 30 ± 34 months (median; interquartile range: 19; 37 months). The median mCCI obtained in individual patients was 2 (min = 0 and max = 9, IQR: 0-4). Figure 1 shows the distribution of mCCI score. After ranking subjects according to mCCI scores, we categorized them into score quartiles with 257, 336, 167 and 133 numbers of patients in the four groups, respectively. Table 1 lists relevant demographic, clinical and laboratory measures across the quartiles of mCCI scores of the 893 enrolled patients. Older patients were more likely to be in the higher quartiles of mCCI scores. Patients in the group of scores ranging from 4 to 9 showed the highest percentages of mortality rates over 5 years. Serum albumin, pre -albumin, creatinine, calcium and IL-6 showed significant decreasing trends as mCCI increased across the four quartiles.
The mCCI and survival
During the 72 months of follow-up, 354 (40%) subjects died. The crude all-cause mortality rate was 3.6/10,000 patient-days (95% confidence interval [CI]: 3.3-4.0). The associations of severity of mCCI with all-cause mortality are shown in Table 2 . Hazard ratio for mortality was significant across the quartiles of increasing mCCI both for unadjusted and for adjusted models. Compared with the low comorbidity group (reference group), fully adjusted models of 2nd, 3rd and 4th quartiles showed hazard ratios for mortality of 1.43 (95% CI 0.92-2.23), 1.70 (95% CI 1.06-2.72), 2.33 (95% CI 1.43-3.78), respectively.
We further evaluated the hazard ratio by defining different characteristics of the population in Table 3 . Patients who were male, age [65 years, non-African American and non-diabetic showed higher risks of mortality. Patients with the lowest mCCI had lower (1.9/10,000 patient-days (95% confidence interval [CI]: 1.5-2.5) crude all-cause mortality rates than did patients in the 2nd (3.3/10,000 patient-days (95% confidence interval [CI]: 2.8-4.0)), 3rd (5.0/10,000 patient-days (95% confidence interval [CI]: 4.1-6.2)) and 4th quartiles (6.5/10,000 patient-days (95% confidence interval [CI]: 5.2-8.1)) as is clearly shown in Kaplan-Meier figure (Fig. 2) (P \ 0.001). Moreover, Fig. 3 shows cubic spline plots with unadjusted and adjusted models. Both graphical analyses further strengthen the findings of the hazard ratio analyses that higher mCCIs are related to a higher mortality rate.
Factors correlated with mCCI Table 4 shows the unadjusted and adjusted correlations between mCCIs and relevant nutritional, inflammatory and biochemical variables. Apart from age and Values expressed as mean SD or percentage. P values for dialysis dose (duration of dialysis), ferritin level, C-reactive protein level, interleukin 6 level, and tumor necrosis factor a level are based on the logarithmic values of these measures. Conversion factors for units: albumin in g/dl to g/l 9 10; creatinine in mg/dl to umol/l 9 88.4; calcium in mg/dl to mmol/l 9 0.2495; phosphorus in mg/dl to mmol/l 9 0.3229; homocysteine in umol to mg/l 9 0.1352; total, low density lipoprotein, and high-density lipoprotein cholesterol in mg/dl to mmol/l 9 0.2586; triglycerides in mg/dl to mmol/l 9 0.01129; hemoglobin in g/dl to g/l 9 10. Ferritin in ng/ml and lg/l and white blood cell count in 10 3 /ll and 109/l require no conversion Kt/V dialysis dose, nPCR normalized protein catabolic rate a Mortality pertains to a maximum of 33 months serum creatinine, no other strong positive or negative correlations were found between the mCCI and different variables. We also performed univariate (unadjusted) and multivariate logistic regression analyses of the association between the variables of interest and the mCCI as shown in Table 5 . Age, NIR, Kt/V, erythropoiesis stimulating agent (ESA) dose, serum creatinine, CRP and IL-6 were significant and independent predictors of mCCIs that were higher or equal to the median. Each g/dl increase in serum albumin was associated with a 62% lower risk of a high mCCI score in our fully adjusted model [OR: 0.38, 95% CI: (0.24-0.60)].
Discussion
In our prevalent cohort study of 893 MHD patients with a mean age of 53 years, the mCCI without the age component was a strong and independent predictor of mortality. After dividing patients into four subgroups depending on their mCCI scores, patients in the highest scoring quartile with a score ranging from 4 to 9 showed mortality risk of 133% higher than the lowest quartile with a mean score range of 0. These associations persisted despite exclusion of age and additional multivariate adjustment for age and other potential confounders. These findings can have important clinical implications in risk-stratification of such multi-morbid persons as dialysis patients in whom comorbid states may have outcome predictability independent of advanced age. Several risk factors are associated with increased mortality in ESRD patients. Age, diabetes mellitus, hypertension, coronary disease, smoking and low serum albumin are each important risk factors with a demonstrated adverse effect on mortality [28] . Several scales have been used to assess the degree of morbidity a In these models we adjusted for all variables which were listed in our fully adjusted model of ESRD patients. The index of co-existent diseases (ICED) [7] , the Davies [8] and Wright-Khan indices [4, 29] and the CCI are the most commonly used instruments for assessment of comorbidity. The CCI was originally developed in the general population in the United States. The CCI has been used to assess the survival of patients with a variety of disease states [6, [30] [31] [32] [33] . CCI has also been used to measure comorbidity in ESRD patients [3, 9] . Some studies that compared CCI with the other above mentioned scales reported that CCI is more accurate and reliable predictor of mortality [3, 10] . However, Miskulin et al. [34] did not show any differences among different comorbidity scales in their power to predict one-year mortality rates in MHD patients when the scale scores were adjusted for serum albumin, race and cause of ESRD. Our study also shows that CCI is a strong predictor of mortality. We found that MHD patients who had an age-free-mCCI score in the highest quartile (quartiles 4: score range 4-9) had a 60% higher mortality risk than patients who were in the quartile 3 with median score of 3. The HRs were 2.33 (1.43-3.78) and 1.70 (1.06-2.72), respectively, for quartiles 4 and 3 in fully adjusted models. Our study confirms and extended the results of previous studies [10, 11] .
Age is an important factor for consideration in ESRD patients when they are assessed for morbidity and mortality. Older patients may or may not adapt to their preexisting illness and appear less likely to further reduce their health perceptions in case their comorbid conditions aggravate [30] . A study showed that increase in age was associated with better mental health component but poorer physical component of health-related quality of life in patients suffering from chronic diseases [35] . Hence, age may confound the role of comorbid states predicting outcomes of such multi-morbid patients as MHD patients. On the other hand, it may be argued that the main driver of CCI is age and that comorbid states without age would not strongly associate with outcomes.
In this study, fully adjusted model for the hazard ratio in non-African American patients was 1.27 (1.12-1.44) (P \ 0.001) as compared to 1.07 (0.94-1.21) (P = 0.30) in African Americans. These observations may indicate that the mCCI is more robust in non-African American patients, although we might have not enough statistical power in the subgroup of African Americans. Over the past several decades, African American and Hispanic patients with end-stage renal disease (ESRD) have been shown to have consistently greater survival as compared to nonHispanic Whites [36, 37] . The death rates in the former two groups were 187 and 180 per 1,000 patient-years at risk, respectively, as compared to 207 per 1,000 patient-years at risk for non-Hispanic Whites with ESRD [36, 37] . The causes for these disparities are largely unknown. Similarly, for the healthier MHD patients who are on transplant wait lists, the annual mortality rate is higher for non-Hispanics whites as compared with African Americans [38] [39] [40] .
Di Iorio et al. [11] reported that the crude mortality rate increased by approximately 60% of patient-years across incident hemodialysis patients when the CCI score was 3 in contrast to when the CCI score was 6. They also found that in addition to CCI, days of hospitalization were an important independent predictor of mortality, and the predictive capacity of CCI for survival improved when it was adjusted for days of hospitalization [11] . Our multivariate analysis did not include the effect of days of hospitalization on mortality as done by Iorio et al. [11] , because we do not have data about hospitalization. Fried et al. [10] studied incident peritoneal dialysis patients and reported a 54% higher risk of death for every increase of 1 in CCI score. Our study results have shown a similar strength of CCI in predicting mortality in prevalent MHD patients when compared to previously reported studies. Kalantar et al. [41] showed that an increase in serum albumin levels in MHD patients is associated with increased survival, consistent with our correlation analyses, demonstrating serum albumin correlated significantly with CCI. When we further explored this relation by logistic regression, and the data showed in our fully adjusted model that each mg/dl increase in serum albumin level was associated with a 62% lower risk of a high CCI score [OR: 0.38, 95% CI: (0.24-0.60)].
A potential limitation of the present study is selection bias during enrollment. However, since mortality in our cohort was less than in the general MHD population in the United States [12] , it might be argued that such a selection bias would lead to a bias toward the null. Hence, without such a bias, our results may have been even stronger. Moreover, our cohort was younger and had shorter duration of dialysis than the national average MHD patient as described in the USRDS. Other limitations include lack of information on vascular access for dialysis, dialysis membranes used and other unknown confounders. Another limitation is the mCCI scores were only obtained at baseline. Since comorbidity must have changed in some patients over the time, this might have affected our results. The strengths of our study include the sample size, which was moderately large, the comprehensive clinical and laboratory evaluations with concomitant assessment of quality of life and body composition measures, and detailed evaluation of comorbid states by study physicians. Unlike previous cohorts that have been studied, ours was rather well characterized for important emerging mediators for mortality, specifically markers of inflammation and nutritional status, including direct total body fat measurements. Also the subjects were selected randomly without prior knowledge of their status. Moreover, this was the first attempt to study the strength of mCCI to predict mortality according to race.
Conclusions
Our study has further confirmed the fact that mCCI even without the age component is still a strong predictor of mortality in MHD patients. The mCCI score was a more robust predictor of mortality in nonAfrican Americans MHD patients. Additional studies are needed to assess mortality predictors in different subgroups of dialysis patients, including whether there are other factors such a socio-cultural, bio-nutritional or others that override traditional co-existing medical conditions as significant mortality predictors in this population. Such studies could help extend our understanding of high dialysis mortality and ultimately lead to improved outcomes for all populations with chronic disease states.
